BACKGROUND Previous investigations of out-of-hospital cardiac arrest (OHCA) have shown that the waveform
witnessed VF (1) . Some of the modifiable factors that are associated with improved survival include the performance of high-quality cardiopulmonary resuscitation, including chest compression depth (2,3); chest compression rate between 100 and 120 compressions per minute (4) ; minimization of preshock pauses in chest compressions (5) ; and use of an automated external defibrillator prior to arrival of EMS (6, 7) .
Although such factors remain critically important to helping improve the performance of CPR, rescuers also need guidance to assess when further efforts are futile and resuscitation should be changed or terminated.
Amplitude spectral area (AMSA), which reflects the summed product of VF frequency and signal amplitude, correlates with coronary perfusion pressure during chest compressions (8, 9) and with myocardial energy phosphate concentrations (10) . Furthermore, AMSA has been shown to predict defibrillation and return of spontaneous circulation (ROSC) in both animal (11) (12) (13) and human cardiac arrest studies (14) (15) (16) .
The relationship of AMSA to longer-term outcomes, such as survival to hospital admission or discharge, has been mostly unknown, although a recently published study demonstrated a connection between AMSA and survival with good neurological outcome (17) . We hypothesized that the average value of AMSA measured prior to a defibrillation shock would predict attainment of pre-hospital ROSC, survival to hospital admission, and survival to hospital discharge in patients with OHCA with witnessed initial rhythm of VF.
METHODS
Resuscitation data from adult patients with bystanderwitnessed OHCA were collected through the Saving Hearts in Arizona Registry and Education (SHARE) program, a statewide Utstein style database described previously (18) . OHCA was designated a major public health problem by the Arizona Department of Health Services, and SHARE was created to measure response to OHCA and improve outcomes. Patients were excluded if VF was not witnessed, and 1 subject was excluded due to inadequate contact with the pads to allow computation of AMSA. Abbreviations as in Figure 1 .
VF Amplitude Spectrum and Survival S E P T E M B E R 3 0 , 2 0 1 4 : 1 3 6 2 -9 median of 2 shocks per subject and 17 subjects having only 1 shock. Mean time from EMS dispatch to connection of the monitor/defibrillator was 7.0 AE 2.7 min. Figure 3 shows AMSA values prior to each shock and for each subject indexed by subject number ( Figure 3A) and by AMSA-avg for that subject ( Figure 3B ). Pre-hospital ROSC was attained in 41 subjects (46%), hospital admission in 52 subjects (58%), and hospital discharge in 34 subjects (38%). According to the univariate analyses for resuscitation outcome ( Table 2) Values are mean AE SD, %, median (range), or n (%), unless otherwise noted.
AMSA ¼ amplitude spectral area; ROSC ¼ return of spontaneous circulation. is the value of AMSA averaged over all shocks for each individual subject. Abbreviations as in Figure 1 . 
DISCUSSION
This study demonstrated a highly significant relationship between AMSA, a VF waveform parameter, and survival from witnessed OHCA with initial rhythm of VF. This investigation suggests that if AMSA is measured during resuscitation it could be used to determine whether continuing the current resuscitation efforts would likely be fruitless.
In swine studies of VF cardiac arrest, AMSA was strongly predictive of ROSC (11) (12) (13) . Human studies of
OHCA with VF also have demonstrated a relationship between the pre-shock VF waveform and shock outcome. In Taiwan, an analysis of the first shock in 155 patients with OHCA and VF showed that AMSA and a VF parameter that measures the waveform's fractal properties could predict shocks that defibrillated VF to an organized rhythm (22) . In a study of 44
OHCA VF patients in Wisconsin, 98 shocks were analyzed for AMSA in relationship to shock outcome and according to whether VF was recurrent or had failed to defibrillate from the previous shock (i.e., shock-resistant VF) (16) . The study found that AMSA was higher in shocks delivered for recurrent VF than in shock-resistant VF and that AMSA predicted defibrillation only for shocks delivered for shockresistant VF. AMSA measured prior to the first shock was associated with good neurological outcome, which occurred in 44.4% of the cohort (17). Our investigation confirms these findings that AMSA is strongly related to hospital discharge, occurring in 38% of this cohort, and furthermore suggests a cutoff may exist below which survival to hospital discharge is highly unlikely ( Figure 6 ).
As VF progresses untreated, AMSA decreases steadily (24) (25) (26) , which may reflect declines in myocardial energy phosphate concentrations, given that AMSA has been found in a swine model to correlate with adenosine triphosphate concentration (10) . AMSA also correlates with coronary perfusion pressure during chest compressions, and this may explain the rise in AMSA that can be seen during resuscitation (11, 12, 17) and its power to predict defibrillation and ROSC, as higher coronary perfusion pressure values have been related to successful resuscitation in human cardiac arrest (27) and animal models (8, 28, 29) .
It remains unclear whether changes in AMSA track outcomes due to interventions given during resuscitation, such as drugs. In a swine model of ischemia-induced VF, pretreatment with metoprolol, but not labetolol, improved ROSC, yet both agents reduced AMSA compared to controls (25) . In a rat We chose the average of AMSA over shocks to represent the overall VF waveform content. Nonetheless, AMSA of the first shock alone was also highly predictive of outcome, and this likely reflects the VF Amplitude Spectrum and Survival
